International Journal of Agricultural 
Science and Research (IJASR) 

ISSN (P): 2250-0057; ISSN (E): 2321-0087 
Vol. 7, Issue 5, Oct 20 17, 443-450 
© TJPRC Pvt. Ltd. 

EFFECT OF HEATING AND IRRADIATION ON TOTAF PHENOFICS (TP) 
CONTENT IN SELECTED WHOLE AND DEHULLED MILLET GRAINS 

SUJATHA. M & HYMAVATHI. T. V 

Post Graduate & Research Centre, Professor Jayashankar Telangana State Agricultural University, Hyderabad, India 

ABSTRACT 

The present investigation was conducted, to find out the effects of heat or irradiation, combined with heat on 
total Phenolic content (TPC). Sorghum, pearl millet, foxtail millet was used in the study. Whole (WC) and dehulled (DC) 
grains were treated either with heat (170°C) or irradiation at l.OkGy / 2.5kGy, and stored for 90 days. There was a 
significant (p<0.05) effect of treatments, storage and grain, and their interactions on the nutritional quality parameters 
with a result in a decrease in TPC. The mean TPC was 188.5 (Pyrocatechol equivalent) percent, respectively. The 
Phenolic content of DC and WC grains was 203.56 and 225.36, respectively. Heat treatment alone resulted in 4.3 and 7.9 
percent reduction and irradiation combination treatment, resulted in 20.3 and 22 reductions in the TPC ofWC and DC. 
Among the three millets, irrespective of whole and dehulled, highest reduction was in sorghum, followed by foxtail millet 
and pearl millet. Significantly, higher (p<0.05) reduction was found in foxtail millet (38.14%), followed by sorghum 
(34.26%) and pearl millet (12.89%) grain. During storage maximum loss reduction was in sorghum, followed by foxtail 
millet and pearl millet. 
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INTRODUCTION 

Irradiation is one of the processing technologies, currently available for the inactivation of 
microorganisms, and it has been proven successful in ensuring the safety and extending the shelf life of foods 
(Mahapatra et al., 2005). Irradiation is also recognized to cause fewer overall physical and sensory changes than 
cooking, freezing, or canning (Molins, 2001). As irradiation is a physical process, no external additives are 
involved. The irradiation process is, therefore, useful and desirable as an alternative in the preservation and 
processing of various fresh, perishable, and high-protein foods, with or without chemical additives or biological 
controls (Lochhead, 1989 and Murray, 1990). 

During storage, there may be some nutritional changes to the cereals, although for dry grains these 
changes will be small, even over a period of several months. If grains are stored with a higher than ideal moisture 
content, grain and microbial amylases may begin to break down the starch, leading to a deterioration of grain 
quality. Several methods of drying are employed, to reduce the moisture content to desirable levels. The effect of 
heating before irradiation is additive or slightly more than additive, ionizing radiation applied before heating is 
strongly synergistic, in the inactivation of bacterial spores (Gombas and Gomez., 1978). High temperatures applied 
before radiation, sensitize insects to radiation and hence, allow the use of low dose (Tilton and Browser 1987). 
The chemical structure of irradiated food is less modified than heat-treated one, and this technique avoids the use 
of potentially harmful chemicals (Siddhuraju et al., 2002). 
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Gamma irradiation is capable of hydrolyzing chemical bonds, thereby leaving large molecules of starch into 
smaller fragments of dextrin, that may be either electrically charged or uncharged as free radicals. Irradiation of gamma 
rays on bud wood can produce higher frequencies of mutation, leading to the creation of new variants, compared to the 
control. Macronutrients (carbohydrates, proteins and lipids) content is relatively stable, against irradiation doses up to 10 
kGy, on the other hand, gamma irradiation affects proteins by causing conformational changes, oxidation of amino acids, 
rupturing of covalent bonds and formation of protein free radicals. (Issa et al., 2011). 

Millets are rich in bioactive phytochemicals, particularly phenolic acids and Phenolic compounds in millets are 
found in the soluble, as well as insoluble-bound forms. Both hydroxybenzoic and hydroxycinnamic acids and their 
derivatives are notably present in different types of millet grains, in varying proportion. (Chandrasekara and Shahidi, 
2011). 

Compared with other major cereals, millets remain much under-studied and under-utilized, though there has been 
increased interest in their utilization, in recent years. Understanding the properties, structure, and potential uses of millets 
nutritional quality greatly contributes to the further development of millets, as alternative functional crops. However, there 
are some studies on the protein of millet grains and as effected by processing, such as fermentation, germination on 
improvement of Total phenolics. However, there were no studies found in the literature on the irradiation effect on the 
Total phenolics on different millets. 

MATERIALS AND METHODS 

Millet processing and heating were carried out at millet processing centre; grains were irradiated at the irradiation 
unit of PJTSAU. The chemical analysis was conducted at the department of foods and nutrition. Post Graduate and 
Research centre of the university. Sorghum and foxtail millet grains were collected from RARS, Nandyal, ANGRAU and 
pearl millet from RARS, Palem, PJTSAU. All the grains were stored in polythene bags, until used under dry and cool 
conditions, away from insects and pests. The grains were dehulled in an abrasive dehuller (Gurunanak Engineering Co, 
Hyderabad) up to 17 % removal of bran. In the present, experiment electric rotary dryer (S K Engineering, New Delhi) was 
used, which can be operated continuously for large quantity of grain. Whole and dehulled grains of 5kg all three millets 
were exposed to heat treatment, at a temperature of 150-170°C for 1.5 min at 300 rpm. The millet grains were irradiated 
using cobalt - 60 gamma sources. Two different dosages l.OkGy and 2.5 kGy were used. Grains of 500 g were packed in 
polythene pouches and exposed to the irradiation. 

Total phenolics were estimated according to the procedure of Slinkard and Slingleton, (1997). The total phenolic 
content of alkaline extracts from the grains, and their insoluble and soluble defeated fractions will be assayed by Folin- 
Ciocalted method. It measures the absorbance of the blue colored complex, formed by the reaction between phenolic 
compounds and Folin-Ciocalteu reagent. 

Procedure 

lml of the extract was diluted with 46ml of distilled water. Then, 1 milliliter of Folin ciocalteu reagent was added, 
and the mixture was stirred vigorously. 3ml of Na 2 C0 3 (2%) was added after 3min and then was allowed to stand for 2hrs, 
with intermittent shaking. After that, absorbance was measured at 760nm in spectrophotometer against blank, consisting of 
all the reaction agents except the extract. The total phenol content in the extract determined as microgram of pyrocatechol 
equivalent, according to the equation that was obtained from standard pyrocatechol graph as. 
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Absorbance = 0.0021 x Total Phenol (jag pyrocatechol) - 0.0092 

Storage Studies 

All the treated grains with a control sample of 500gm were stored for 30, 60, 90 days, in HDPE pouches at 34°C 
to 36°C of temperature and 23% of humidity. The estimations were done at the end of 30 th day, 60 th day and, 90 th day. 

Study Design 

The study was conducted using 3x8x4 factorial design, which means 3 types of grains, 8 types of treatments and 4 levels of 
storage were used for the study. The effects of these factors were studied on total phenolics. The details are given in Table 
1 . 


Table 1: The Details of Treatments Used in the Study 


SI. 

No 

Treatments (8) 

Grains (3) 

Storage 
Period (4) 

1 

Control -Whole grain 

Sorghum 

ODay 

2 

Control- Dehulled grain 

Pearl Millet 

30 th day 

3 

Heat treated -Whole grain 

Foxtail Millet 

60 th day 

4 

Heat treated -Dehulled grain 


90 th day 

5 

Heat and l.OkGy Irradiated -Whole grain 



6 

Heat and 2.5kGy Irradiated - Whole grain 



7 

Heat and l.OkGy Irradiated -Dehulled grain 



8 

Heat and 2.5kGy Irradiated - Dehulled grain 




All the results were statistically analyzed using IBM SPSS statistics 20 software. The Multifactor ANOVA 
technique was used to test, to find out the significant effect of treatments on TPC of the millet grains. 

RESULTS AND DISCUSSIONS 

In the study, whole and dehulled grains of Sorghum, Pearl millet and foxtail millet were used as controls to 
investigate the effects of heating and irradiation on the Total phenolics (TPC). Within irradiation, 1.0 kGy and 2.5 kGy 
dosages were employed. The irradiated grains were stored for 90 days and repeated analysis was conducted at 30 days 
duration. 

Effect of Treatments, Storage and Grain on Total Phenolic Content (TPC) of Millets 

The TPC in whole control grain ranged from 203 to 297 (pg equivalent Pyrocatetochol) percent, and in dehulled 
control grain from 183.42 to 259.61 (pg/Pyrocatetochol equivalent/) (Table 2). Maximum quantity was found in pearl 
millet, followed by foxtail millet and sorghum. Hag el al. (2002) also showed that, dehulling decreased the TPC in pearl 
millet. Tian et al. (2004) reported that, phenolic compounds are concentrated in the bran layers and are liable for losses, 
during the separation of the seed coat in the milling process. Histo chemical localisation of phenolic compounds in the 
millet kernel indicated that, the phenolics are mainly concentrated in the test or seed coat layers (Shobana et al., 2009). 

Table 2: Effect of Treatment, Storage and Grain Type on Phenolics 


Main Effects 

TPC(pg/PyrocatechoI) % 

Treatment 


DC 

203.567+0.01 

DEHE 

186.932+0.02 

DEHEI1.0 

163.114+0.02 

DEHEI2.5 

153.514+0.03 
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Table 2: Contd., 

WC 

225.363+0.03 

WHE 

215.809+0.02 

WHEI1.0 

189.157+0.01 

WHEI2.5 

170.173+0.02 

Storage 


0 th day 

206.255+0.02 

30 th day 

194.236+0.02 

60 th day 

182.44+0.02 

90 th day 

170.884+0.03 

Grains 


Foxtail Millet 

192.343+0.02 

Sorghum 

137.775+0.01 

Pearl Millet 

235.243+0.01 


*Significant at p=0.05, values with similar superscripts are not significantly different with each other (p>0.05) 

In the studies conducted by Chandrasekara and Shahidi (2011), phenolic compounds varied with the type of millet 
and morphological fraction of the grain. (Chethan and Malleshi, 2007). Phenolic compounds are secondary plant 
metabolites, and their type and content in the grains may depend on a number of factors, such as the type of cereal, variety, 
part of the grain, climatic conditions, and cultivation practices, among others (Shahidi and Naczk, 2004). Sorghum has a 
total phenolic content, ranging from 3 to 43 mg/ 100 g (Sikwese and Duodu, 2007). Phenolic content varies with the kind 
of extraction used and standard used. 

In sorghum, Youssef et al. (1988), reported reduction in phenolics in the order of 70-85 percent, due to 
decortication to 70 percent extraction rate. Dlamini et al. (2007), observed reductions of 33-77% in sorghums of 70- 81% 
extraction rates. Chiremba et al. (2009) also found that, decortication of sorghum to 70% extraction rate, reduced total 
phenolic content by 43-66%. Similar results have been reported for pearl millet (Mohamed et al., 2010; Hag et al., 2002) 
and finger millet (Viswanath et al., 2009). Decortication reduced total phenolics and antioxidant activity, by about 80% in 
lentils and 30% in yellow peas (Han and Baik, 2008). 

With regards to the overall treatment effect, a significant reduction in TPC was observed, due to heating as well as 
irradiation combination treatment. Table 3. (p<0.05). Heating alone resulted in 4.3 and 7.9 percent, and heating combined 
with irradiation resulted in 20.3 and 22 percent reduction in the TPC of WC and DC grains, respectively (Figure 1). 
More reduction due to irradiation was observed in WC (16 percent), than in DC (14.1 percent). It can be observed that, due 
to dehulling there was a 10 percent reduction in TPC, while due to irradiation it was 16 percent. 

Table 3: ANOVA for the Effects of Treatment, Grain Type and Storage on Total Phenolic Content 




TPC 8 

Source 

DF 

a 

MS b 

F c 

pd 

MAIN EFFECTS 





Treatment (T) 

B 

15561.8 

21873163.27 

0.0000 

Grain Type (G) 

B 

152724. 

214663613.44 

0.0000 

Storage(S) 

B 

11123.2 

15634406.79 

0.0000 

INTERACTIONS 





TG 

m 

1256.05 

1765456.86 

0.0000 

TS 

m 

67.6989 

95155.09 

0.0000 

GS 

6 

68.2041 

95865.17 

0.0000 

TGS 

EE1 

38.4865 

54095.24 

0.0000 


Impact Factor (JCC): 5.9857 


NAAS Rating: 4.13 







































Effect of Heating and Irradiation on Total Phenolics (TP) Content in Selected 
Whole and Dehulled Millet Grains 

• Degrees of Freedom, 

• Mean Square, 

• F-Ratio g- Total phenolic content 

• P-Value, 


TPC(ng/g) pyrocatechol equivalent 


250 

200 

150 

100 

50 

0 


-225.6-215 81- 

a 203 

186.93_179.7_ 

as 


wc 


DC 


Control 


WC 


DC 


Heattreatment 


WC 


DC 


Heat+ Irradiation 


Figure 1: Total Phenolic Content of Millets as Affected by Heat and Irradiation 
Combination Treatment 
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WC - Whole control, DC- Dehulled control 

The present results helps to make use of irradiation as a processing method, to reduce phenolic content without the 
use of mechanical dehulling, which is time consuming than the earlier. In black rice, irradiation at 2, 4, and 6 kGy 
significantly reduced their total phenolic acid content (314.8, 332.2, and 268.9 mg/kg, respectively), as compared with 
control (381.6 mg/kg). However, irradiation at 8 kGy achieved the highest total phenolic acid content (423.3 mg/kg). 
But, there are studies reporting no reduction in TPC, even at 10 kGy irradiation compared with the control (Zhu et al., 
2010 ). 

Increases in phenolic content, due to irradiation have also been reported by various authors and this is attributed 
for the most part, to release phenolics from the food constituents to which they are bound, such as cell walls as a result of 
the irradiation process. Variyar et al. (2004), reported a significant decrease in total isoflavones and glycosides in soybean, 
with increased irradiation dose (0.5-5.0 kGy), however the aglycone content showed an increasing trend. Also, a significant 
increase in the percentage of DPPH scavenging activity, with increased gamma-irradiation was observed, probably related 
to the increased aglycone content. It was suggested that, irradiation can induce the breakdown of glycosides resulting in the 
release of free isoflavones. 


Storage of grains up to 90 days in polyethylene at ambient temperature in general, significantly (p<0.05) reduced 
the initial TPC by 5.8, 11.54 and 17.14 percent in 30, 60 and 90 days, respectively. Further, it can also be observed that, the 
percent reduction from zero to 30, 30 to 60 and 60 to 90 days was 5.8, 6.07 and 6.34 percent, indicating that, the percent 
loss between the equal duration of storage was almost nearer (Table.2). 
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From the interaction effect of treatment and storage, it can be observed that, in untreated dehulled grains the 
reduction was 37.33 percent, whereas in treated grains, it was, 28.87, and 37.1 in DEHE, DEHE 1 and DEHE 2.5, 
respectively. However, untreated and DEHE1 grains are marginally different from each other. In case of untreated whole 
grains, the percent reduction was 45, while in treating grains, it was 40, 36.34 and 28.9 percent in WEHE, WEHE1 and 
WEHE 2.5, respectively. The effect of storage on the TPC reduction was more pronounced in whole grains than in 
dehulled grains. When the storage effect was observed grain wise, it can be observed that, significantly higher (p<0.05) 
reduction was found in foxtail millet (38.14%), followed by sorghum (34.26%) and pearl millet (12.89%) grain. At 90 days 
storage, maximum reduction was found in sorghum (21.61%), followed by foxtail millet (16.42%) and pearl millet 
(14.91%). 

When treatment effect was considered grain wise, maximum reduction was found in dehulled sorghum due to heat 
alone and irradiation combined treatment, whilst least reduction was noted in pearl millet. Irradiation was relatively less 
effective in the TPC reduction in pearl millet over sorghum and foxtail millet. (Figure 2) 
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Figure 2: Percent Reduction in Total Phenolic Content in Treated Grains 

DHE - Dehulled heat treated, DHEl.O-Dehulled heat and irradiated (lkGy) 

DHE2.5-Dehulled heat and irradiated (2.5kGy), WHE - Whole heat treated 
WHE1.0 Whole heat and irradiated (l.OkGy), 

WHE2.5 - Whole heat and irradiated (2.5kGy) 

When the reductions in TPC were observed treatment wise, highest loss was found in DEHEI 2.5 (34.68%) and 
WHE I 2.5 (34.26%) of sorghum and least loss was noted in DHE of sorghum (1.17%), followed by pearl millet (2.7%). 
DHE1 1.0 could also reduce the TPC content, relatively to a higher extent in sorghum and foxtail millet, than in pearl 
millet. In pearl millet, highest reduction occurred only at 2.5KGy dosage (12.89 % in WC and 11.68% in DC), unlike other 
two grains, clearly indicating under the present study conditions pearl millet relatively had higher resistance to irradiation 
effect, than other two grains. 
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These studies, along with other previous studies clearly suggest that, irradiation can either disrupt phenolics, as in 
the present study or can facilitate the antioxidant activities of some dietary plants, where low dose of y-irradiation on citrus 
peels enhanced the synthesis of total phenolic compounds. (Horvathova el al., 2007 and Suhaj el al., 2006). The balance of 
the disruption and synthesis may depend on the irradiation dose. The studies with higher doses of irradiation of millets 
might help to understand this phenomenon, in a much better way. 

CONCLUSIONS 

The mean total phenolic content of the grains was 188.45 percent. Pearl millet has significantly highest TPC, 
followed by foxtail millet and sorghum. There was a significant negative effect of treatments on the TPC content, in 
general. Heat treatment reduced the TPC by 21.5 percent on an average, irrespective of the grain and storage, while a 
higher reduction of 15.05 percent occurred due to irradiation. Compared to the TPC reduction (9.67%), due to dehulling at 
17 percent used in the present study, relatively higher reduction was observed due to irradiation. These suggest that, in the 
TPC reduction stand point, irradiation could be a better processing method than dehulling. Storage studies revealed that, 
there was a gradual reduction of TPC, irrespective of grains and treatments during the 90 days storage period, with a 
maximum loss of 17.14 percent at 90 days and pearl millet had a maximum loss, among the three grains. However, the 
treated grains had a relatively less loss, compared to both whole and dehulled untreated grains; this will further strengthen 
the advantages of the irradiation processing of millets. 

Overall, there were no serious adverse effects of irradiation treatment up to 2.5kgs in sorghum, pearl millet and 
foxtail millet. Irradiation in combination with heat treatment was found to be advantageous over heat treatment alone, in 
terms of reducing total Phenolic content. 
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